The aim of this study is to investigate the novel use of sleep monitoring applications in simple snorers undergoing concha radiofrequency surgery and to compare and correlate the pre-and postoperative symptoms of these patients using the Nasal Obstruction Symptom Evaluation (NOSE) scale. In this retrospective analysis, we have selected 18 consecutive patients with no comorbid sleep or medical disorders suffering from chronic nasal blockage and habitual snoring due to isolated submucous inferior turbinate hyperplasia. After a median follow-up of 8.3 months, the NOSE scale and snoring sound intensity levels monitored by the smart phone application showed statistically significant improvements after the surgical procedure (P < .05), and we also detected a positive correlation between the levels of snoring percentage and the total NOSE scores (P < .05). We hypothesize that sleep monitoring applications could be easily used as portable monitors for basic home sleep studies in conjunction with a comprehensive sleep evaluation. Alternatively, such applications may simply be used for objective monitoring of the postoperative success of surgical interventions in the upper respiratory tract region such as concha reduction surgeries as presented herein.
Introduction
Disabled nasal breathing is the most common symptom of rhinology, and surgical volume reduction of the lower nasal turbinates may be offered to patients with chronic nasal obstruction who do not benefit sufficiently from medical treatment. The techniques such as submucosal resection, outfraction, turbinectomy, laser vaporization, thermal coagulation, vidian neurectomy have been employed in the treatment of this condition, but most of these methods have not provided the desired volume reduction by impairing the nasal physiology. 1 High-frequency radio waves (radiofrequency [RF] ) for tissue ablation have been used for the first time by Li et al 2 in 1998 to reduce concha volume by protecting nasal function. The RF energy is applied with the help of various kind of specially produced electrodes, and the current radiates through the cells of soft tissue acting as electrical dipoles. The resultant heat generated by the friction between the ions causes localized coagulation and damage to the tissue. While the temperature of the electrocautery or post-laser tissue increases up to 800 C, the maximum tissue temperature during RF varies between 60 C and 90 C. 3 This relatively lower temperature causes the least possible collateral damage and localized coagulation in the tissue. Following the first few days of edema, there is a tendency for tissue volume to decrease and heal with fibrosis over time. 4 This surgical intervention will not cause necrosis of the conchal mucosa or bone, creating a submucosal damage only. It is a minimally invasive procedure that can be performed in the outpatient clinic for the maintenance of the nasal passage without impairing the mucociliary activity.
In 2007, we saw the introduction of a milestone in the history of the smart phone and Apple Inc pioneered the first iPhone model under the leadership of Steve Jobs. The iPhone, which was introduced on the market with Apple's mobile operating system, brought together both the large touchscreen iPod and the internet, apart from being a simple mobile phone. Smartphones are today equipped with mobile operating systems, built-in sound recording function, accelerometers, gyroscopes and pulse oximeters, and so on, that may be used for many different purposes, and there exists an application for almost every operation. The sound recording and accelerometer functions are widely used in industrial and scientific studies, since it both detects the sound along with vibration and observes the limits within which this vibration occurs. The new generation applications such as SleepBot, Sleep Cycle, Sleep as Android, and so on, use the built-in microphone and accelerometer of the device to record both noise and movement even on an airplane mode while the user sleeps. Their smart alarm feature is actually intended to wake the user during a non-rapid eye movement period or the ''lightest'' sleep. However, SleepBot 5 is a unique application among the ones that fall into this category, since it keeps track of the user's movements and breathing sounds simultaneously overnight, so it is indeed recording a detailed log for the physicians involved in sleep quality and sleep-disordered breathing. This program has been selected as one of the best sleeping trackings gadgets or applications based on the readers' nominations. 6 As patients and physicians have begun to use online communications in a very ''app'' friendly society extensively, the potential for supporting health-care services in terms of mobile applications is increasing, and the scale of research on the use of online channels to interact effectively with patients is also growing rapidly. 7 The health-care applications such as MACVIA-ARIA Sentinel NetworK for allergic rhinitis have already been validated to assess the control of allergic symptoms in the target population and the use of this application is currently included in Allergic Rhinitis and its Impact on Asthma guidelines. 8 Thus, we should think of using new technologies regarding smart phones to propose inexpensive screening tests that are easily applicable at home. This preliminary study aims to investigate the novel use of sleep monitoring applications in simple snorers undergoing concha RF and to compare and correlate the pre-and postoperative symptoms of these patients using the Nasal Obstruction Symptom Evaluation (NOSE) scale.
Material and Methods

Study Design
In this retrospective analysis, we have selected 18 consecutive patients (4 female, 14 male) aged 22 to 41 (median age 33; body mass index < 25) with no comorbid sleep or medical disorders suffering from chronic nasal blockage and habitual snoring due to isolated submucous inferior turbinate hyperplasia, who had been referred to our Otolaryngology department between April 2017 and January 2018. The operations were performed in a tertiary medical center, and written informed consent was gathered from the patients preoperatively. Patients with previous endonasal surgery, chronic sinusitis, allergic rhinitis, septum deviation, concha bullosa, nasal polyposis, adenoid vegetation, and those who did not accept the follow-up protocol were not included in this study. All patients preoperatively completed their NOSE scale questionnaires consisting of 5 questions concerning nasal obstruction, troublesome breathing, and sleeping using a 5-point Likert-scale (between 0 and 25 for each patient), and the follow-up questionnaires were completed minimum 6 months after the surgery. The validated NOSE scale was used to provide an objective measure of nasal obstruction, and it has been used to evaluate the treatment results of inferior turbinate surgery in habitual snorers pre-and postoperatively. 9 We also monitored this patient population's level of snoring expressed in mean percentages (between 0% and 100% for each patient; Figure 1 ) by means of a smart phone application (SleepBot # ) as a home test and their overnight sleep report were submitted to us online before and minimum 6 months after the surgery.
Surgery
The concha reduction surgery was performed under local anesthesia by first inserting 2% pantocaine-soaked cotton into both nasal cavities and then injecting approximately 4 mL of lidocaine HCl 20 mg/dL into both lower turbinates. The bipolar probes were inserted submucosally under endoscopic guidance and controlled RF energy (Atmos RS221 ENT, MedizinTechnik GmbH, Tuttlingen, Germany) was delivered to 3 different sites of each turbinate in the anterior, middle, and posterior portions on a same-day procedure. There was no late hemorrhage requiring hospitalization after surgery except for the mild oozing of blood in the areas where the RF probe was applied.
Results
After a median follow-up of 8.3 months, the NOSE scale and snoring percentage monitored by the smart phone app showed statistically significant improvements after the surgical procedure (P < .001; Table 1 ). The preoperative Nasal Obstruction Symptom Evaluation scores did not significantly correlate with the preoperative level of snoring percentages, but it was close to the level of significance (P ¼ .072; Spearman correlation factor [r] ¼ 0.434). There was no significant correlation between postoperative. Nasal Obstruction Symptom Evaluation scores and level of snoring (P > .05; r ¼ 0.377), however the association between total (preoperative þ postoperative) NOSE scores and the total level of snoring percentages reached statistical significance (P < .001; Figure 2 ).
Discussion
The most widely accepted estimate for snoring prevalence is between 20% and 40% in adult population, depending on gender and increasing by aging. There is an ongoing debate about the clinical use of snoring sounds in the diagnosis of obstructive sleep apnea syndrome (OSAS), and conflicting views are available on this topic in the literature. Loud snorers are more likely to experience OSAS at night, but most of them remain undiagnosed attributed to the impractical Polysomnography testing. There exist previous clinical studies in the literature revealing positive correlation between snoring sound intensity and the presence of OSAS performed at PSG laboratories and at home. 10 The acquisition of the snoring sounds in such studies was performed by means of a digital voice recording device or a custom-made sound monitoring application on a smart phone.
However, sonographic records alone cannot distinguish the central apneas from the obstructive ones. Another promising alternative can be recording of snoring sounds sonographically in combination with other methods such as pulse oximetry. Pulse oximeters measure blood SaO 2 noninvasively and continuously. Since obstructive apnea and hypopneas cause desaturation, SaO 2 followed by pulse oximetry throughout the night would be an appealing method because of its low cost, portability of the device, and ease of application. Nevertheless, the interpretation of these records should be considered in conjunction with the patient's clinical condition, so it is more plausible to consider the pulse oximetry as a preliminary assessment method when sleep respiratory disorders are thought to be a wide spectrum of multiple diseases. 11 The utilization of sonography accompanied by pulse oximetry has been suggested in adults; however, this method has not found widespread use in pediatric patients due to motion artifacts. 12 The sleep testing using portable monitors for the diagnosis of OSAS has been suggested as a practical alternative and the portable monitor should at least record respiratory effort, airflow, and blood oxygenation. The authors have concluded that such monitors might be used in the unattended setting as an alternative to PSG for the diagnosis of OSAS in patients with a high pretest probability of moderate to severe OSA when no comorbid sleep disorder or major comorbid medical disorders exist. 13 Seren et al 14 have evaluated snoring sound intensity using telephonic sound analysis and proposed this method to be used for monitoring the efficacy of snoring surgery postoperatively. Telephonic sound analysis allows recordings to be transmitted over telephone lines, which is valuable if a patient cannot get to a hospital and saves time and money for both patients and health-care centers. According to the results of a recent study consisting of 211 patients undergoing PSG testing, there was strong correlation between periodic snoring and presence of OSAS and the authors have concluded that prior to more expensive studies, measuring periodic snoring at home might be a simple and useful method for predicting the probability of OSA, particularly among women who are often unaware of their apnea-related snoring. 15 Furthermore Akhter et al 16 have shown that it was appropriate to predict mild/ severe OSAS with high sensitivity in REM/non-REM sleep based on snoring/breathing sounds obtained using simple bedside sound receivers.
This is a retrospective cohort study and it may be speculated that there could be some limitations including bias and availability of information in the medical notes. In our ENT department, there is an established SPSS-based database program that contains categorized medical information concerning different kinds of nasal surgery. Medical notes were taken from the patients by different residents or interns under the supervision of senior surgeons. By this way, prejudiced information was tried to be kept at minimum. Present study includes an almost homogenous group of 18 meticulously selected patients who presented to us with their overnight sleep reports and kept the follow-up appointments, to make the comparisons as accurate as possible. Despite the small study group, another limitation of this study is the absence of PSG testing prior to nasal surgeries. This is a preliminary study to explore the correlation of wellestablished NOSE scale and the level of snoring detected by means of a smart phone app in a risk-free population of habitual snorers undergoing elective surgery and the detection of OSAS was not our major concern in this present study, thus pre-or postoperative PSG testing was not warranted. This recent study identified a positive correlation between the total NOSE scores and the intensity level of snoring sound, which might be a valuable finding for the scientific use of such apps in clinical practice in near future.
Simple or habitual snoring and OSAS represent the 2 most extreme points in the spectrum that constitute an important chronic health problem in all age groups, and the treatment process requires timely and appropriate triage. In the light of presented scientific literature and the feedback provided by a relatively small group of patients, we hypothesize that sleep monitoring applications could be easily used as portable monitors for home sleep studies in conjunction with a comprehensive sleep evaluation. If our line of speculation is validated with the data obtained from a larger group of homogenously selected patients using the portable pulse oximeter, sound recording function and even the accelerometer that are already present in new generation smart phones and paired with the findings of a standard PSG testing, it might have far-reaching clinical implications and might provide suitable target for prevention of unnecessary overnight laboratory testing especially in the simple snoring patient group. Alternatively, such applications may simply be used for objective monitoring of the postoperative success of surgical interventions in the upper respiratory tract such as concha reduction surgeries as basically presented herein.
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